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Executive Summary

Desert bighorn sheevis canadensis nelsgiistorically occupied moréhan & mountain

ranges in CalifornidFigure 1) This report documents data collection and management siction
performed by California Department of Fish an
between November 1, 2013 and October 31, 2016. The Bisktwp@Hficemonitorsdesert

bighorn populationgvithin Region 6. This includethe White Mountains in the north to

Highway 62in the souththe Nevada bordentheeastand Cal i f or niinghes Hi ghwa
west.

In California, desert bighorn monitoringdhhbeen conducted since early in the second half of the
twentieth century, but starting in 2013 CDFW entered an era of renewed emphasis on data
collection due to the outbreak of respiratory disefisst documented at Old Dad Pedkat

disease epizooticas, and continues to be, the largest documented disease outbreak in

Cali forniads Nel s on Thisirgpdrteummariges maniorieffoastpamd at i on s
management actions from November 1, 2013 through October 31, 2016; it also includes survey
work conductedrom May 2015 through the end of October 2016. May 2015 euttie hiring

of field personnetledicated to desert bighomtheBishop Field OfficeDuring 20132016

CDFW conducted eight ground surveys, flew the first helicopter surveys ipefars, captured

and collaredver 170 bighorn across thirteerountain ranges, recovered 25 mortalities, and
helped repair and bring water ift@horn drinker systems, as needed.

One of CDFWOs matopeaegeatmrter fragmgeatatibnsadesethighorn
populations and to reonnect the foufocal metapopulatioriragments into ainglefunctional
metapopulation (CDFWjraft Desert Bighorn Sheep Management Pl&vg.monitor
demography and habitat use at the herd and metapopulationAevedlyon collared amhals to
monitor survival, causspecific mortality, habitat usand range connectivity.d3ert bighorn are
captured andollaredwith global positioning system (GPS) and very high diextey (VHF)
telemetry collars. Additionallyground, hécopter, and watesourcesurveysare conducted for
the following dataminimum countspopulationsizeestimategmark-resight simultaneous
doublecoun), and reproductive succesarfibewe ratios). We alsoccasionallyuseremote
cameragndfecal DNAto producemarkrecaptureestimatesManagement actions include
disease risk management, monitoring arantenance oivater developmentandhunting

The current surge of research in the desert and the work carried out asimaretbdrtcould not
have been completed without the help and collaboration of Oregon State UnitteesNgtional
Park Servicethe Bureau of Land Managemermnd the volunteers that work with the Society for
the Conservation dighorn Shee@and the California Chapter dig Wild Sheep-oundation
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Desert Bighorn Populations

- Desert Bighom Ranges

- Los Angeles
——

Figure 1Historically occupied ranges of deseighorn sheegOvis canadensis nelsoni) in
Southern California.
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Desert Bighorn Sheep Status Report
November 2013 to October 2016
Region 6

The purpose of thistatusreport is to summarizéesert bighorn shee@yis canadensis nelsgni
work done bythe California Department of Fish and Wilife (CDFW) Bishop Field Office
betweerNovember 2013 and October 20T®e bulk of this document describes data collection,
including methods and resuli®heresults are primarily raw datdubsequent data analyses will
be presented in other reports grublications, with some including collaboratofse Bishop

Field Officemonitorsdesert bighorn populationgthin Region 6. This includehe White
Mountains in the north telighway 62in the south the Nevada borden the eastand

Cal i f or naya9is thethiess. h w

Ranges south of Highway 62 and the San Gorgonio, San Gabriel, and Sespe ranges aie manage
by CDFWRegional officesieaerthose ranges.iBhorn sheep in the Peninsular Ranges are
geographically isolated from the rest of the populatibdesert bighorn in California and are

listed as an endangered population segme®wig canadensis nelsoat both state and federal

levels. The Peninsular Ranges bighorn are primarily managed by Region 5 under a specific
recovery program.

l. Monitoring

CDFW considers the monitoring of desert bighorn populations at both the herd and
metapopulation levels essential for the management of this species. Individual herds are
monitored by collecting data on population size, recruitment, survival, movemeiigahd
health; whereas, the metapopulation is monitored by documenting extinctions, colonizations,
range connectivity, and gene flow. The overarching management goals for desert bighorn in
Cal i forni a ar e draftitDletBgaoin Mamage@dnhtr®iossnilarly, the
specificlong term goals for thimdividual management units will be outkd in subsequent
rangespecificdocuments.

Due to limited personnel and the large geographig é@reacurrently not possible for CDFW to
monitor all occupid and unoccupied mountain rangé€snsequently, there adéferent intensity
levels of population monitoring: occupancy (presence/absence), rotational (data collected eve
3-7 years), biennial, and anny&igure 5 page 1R The annual and biennial pdgtion

monitoring efforts ar@anplemented ircurrent hunt zones, potential hunt zones, and other ranges
that are considered critical to the connectivity of a region. Furthermore the ranges that are
surveyed annually are considefed o r e i n d & xandwepehosen ds ipatential
representatives of theanges around thenf.d major change is detected within a population then
additional effort will be directed to the surrounding populations to investigate the potential of a
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regionwide phenomenon, and attempt to identify and/or address the potential cadiger
ranges that are known to have bighdmat are noturrentlyprioritized to be surveyeannualy,
or biennialy, are scheduled to be surveyed via ground, helicopter, or camera evengass.
Finally, ranges that are currently believed to be extirpatededhecked every-3 years for
signs of occupancy. All ranges are subject to shétween thalifferent intensity levels of
population monitoring

A. Data Collection Methods

We monitorpopuation size annuakateof population changdecundity survival, resource
selection, habitat use, and disease st&tdsviduals are monitored usindodpal positioning
system (GPS) and very high fremcy (VHF) collarsin addition, we conduavalking-ground
surveys, helicopter surveys, camesas/eysat water sources in the hot season,wead
systematicallycollectfecal samplefor genotyping

1. CaptureMethods

During this repoiihg period,desertbighornwerecaptured byexperienced helicopter capture
specialiss from Leading Edge Aviatio. Bighornwerecaptured using a net gun fired frahe
helicopter at close rand&rausman et al. 1985)fter firing the netpne or twocrew memlers
exitedthe aircraftandmanuallyrestrairedthe bighorn sheepvhich were blindfolded and
hobbled for processingNo chemicalmmobilizationwasrequired for this technique. Capéed
bighorn sheep were then eithpcessed in the field or transported via helicopter to a base
camp

During processinghloodwas collectd by
jugular venipuncture in serum and EDTA
tubes Blood was lateassayed fotrace
mineralsand tested foexposure t@
variety of disease pathogeAgewas
estimatedy horn rings and tooth
replacementNasal swabdair, and fecal
samplesvere colletedfor disease testing
and archivd. Samples werprocessed as
per the methods and locationsntiéed

by the CDFW Wildlife Investigations Lab
(WIL). For animals processed at base
camp morphometric measurememsre
recorded andltrasonographyas usedo
measure maximum subcutanedais

Figure 2: A collared ewe with a unique comaition
of ear tags. Collared animals were usedirk-
resightanalyses to estimatpopulation size
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thickness on the rump and to determirmdy condition scorélotal body fat wagstimated

using predictive equations similar to those depet for deer (Stephensenal.2002 Cooket

al. 2010).Pregnancy wadeternined by ultrasonography in base carmpdby serum assay for
pregnancyspecific protein B for ewes processed in the field (Stephenson et al. AABBEW
veterinarian was preseatbasecamp to asure the health afach individuabndto attend to any
injuries orconcernsDisease testing includesgrologictesting for the following antibodies:
bluetongue virus, bovine herpes virus, bovine respiratory syncytial virus (BRSV), border disease
virus, contagious ecthyma, epizootic hemorrhagic disease vimasnihaenza virus 3 (P8), and
Mycoplasma ovipneumoniae (M. ovi.).

Captured bighorn shpaverefitted with VHF and GPS collars antl highorn weremarked with

numbered and colored ear tdgggure 2) VHF collars stay on thanimals for the remainder of

their lives and have a battery life oBdyears. GPS collaisave a battery life of-8 years Care

wastaken to ensure that abllars fit snuglyanddid ot sl i de up and down th
After handling was complete, bighorn sheep weaasporéd via helicopter to their initial

capture locatiomnd the capture crexeleasd the animal. The handling of each aninfedm

capture to release, took approximat@yminutes.

2. Survey Methods

Ground Surveys

Ground surveys were conducted by a group afé@ observers hiking through bighorn habitat

in a mountain range over the course of one to sedaya. Observers worked in teaofsl-3
andwereequipped with spotting scopes, binoculars, and ash#eir survey routeEach team

also carried a radioreell phone in order to communicate with otteamsto avoid double

counting and to aid one another in classifying and counting sheep potentially visible to multiple
groups. Bighorn grups seen by more than one teaere recordedby both group$ut later

identified and removed from the ddta one grougdo produce a minimum count. In addition to
developing a minimum counground surveys also provided data on papah composition,
notablylamb:ewe yearling:ewe andram:ewe ratios. @&veys were usuallgonducted without

the use of telemetry which allowed the development of a-mesight population estimate with
confidence intervals using marked sheep recorded during the surveyrddayt estimates use

the proportion of animalseen that are collargtbgether with the total number of animals that

are seenmandthe total number of collars in the populatiorestimate the total population siZe.
meet the assumptions for a madsight survey, it is important not to use telemetrigaore
knowledge ofGPS collar locations so that collared and uncollared animals have an equal chance
of being observedvarked ndividuals are thereby identifiadsually by their unique ear tag and
collar color combinations.

Pages of 40
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Helicopter Surveys
Helicopter surveybecameone of the main methods foronitoling desertighorn populatios

in California duringthe earlyl980s.Due to the rugged terrain that bighorn tenchtwabitand
thelimited ground acces® manyranges, helicopter surveys have prot@be auseful albeit
expensivesamplingmethod.In the fall of 2015and2016, telicopter surveys wereonducted
with four people pilot (front right), data recorder (front leftpbserver angphotographerréar
right), andobserver rear lef). Surveys were flown oveypical desert bighormabitatwithin
predetermined polygordesigned to be representative ofpaltentialhabitat acrosthe rangeln
an effort to allow the greatest opporityrof spotting abighorn, tansectsvereflown across each
polygon withthe spaaig of transects and fllghipeed/arylng by V|S|b|I|ty and compIeX|ty of the
terrain Contourbasedransectsvere hy

trackedduring flights usingthe Gaia
GPSappon an iPad to ensure full
coverage of each polygpand the
amount of survey time allocated was 8
designed to allow for future survey :
replication and comparisons.
Photographs were taken edd group
of bighorn(Figure 3)using a Canon
EOS Rebel T3i camera and a Canon#®
ET-83C image stabilizer 16000mm
lens. All photos were reviewed pest &
flight to verify or correct group
compositionandto comparevith GPS “*
tracksto check for double counts.
Double countsverecorrected irthe
final data set.

Figure3. A group of bighorphotographedduringthe
2015helicopter survey in thiingstonRange.

To estimate a population within an aseaveyed by helicopter, we usete simultaneous
doublecount methodolgy describedy Graham and Bell (1989n this methodall four people

in the helicopter are independent observersvaaituntil an observed group of sheep has passed
beyondthe midway horizontalaxisf t he hel i copt er (obckrbefmd i ons 3
Afical |l ingo a Thg dataecprdeothemsrksetecp of the four observers made
independent observations of the groufobeit was called. This method allows fosightability
estimateo be calculatedofr each rangélhe observationgrom theleft side observersere used

in this analysisThe resulting bighorn estimate is the predicted number of bighorn that were
available to be seen from the helicoptéthin the area flown It is important to recognize that

this method does not @siate the total population, but does supply an estimate well above the
minimum count obtained.
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Waterhole and Camera Surveys

During the hot summer montkge usedvatehole surveygandremotecamerago monitor desert
bighorn In some cases, if enough madka&nimals were present or natural marks could be
identified,thesedaia wereused to estimate populatigizethrough markresight analyses.
Camera data also providienformationon populationcomposition lamb:ewe yearling:eweand
ram:eweratios), disese presencen@sal discharger coughing), behavior (rutting), and coHfr

Waterhole surveysonsisedof one or mor@bserversitting ina discrete location that allowed
them to watch bighorapproach and leawbe water sourc&Vaterhole sitéenced to bemost
productiveafter a series of-8 hot (>105°F) days and at least a week afterasie |
rainfall/monsoon. Froma vartage point, the obsenarecordedhe time and group composition
(sex, age, marked) of all the bighorn sheep thatedgite vater or weravithin view. For this
reporting period, waterhole sits were usually for a period of 4 hours and the results were
primarily used to confirnemb:eweratios and to monitor lamb health (look for active signs of
respiratory disease).

Remotecameaswereused tocomplement and/or verify data collected via other methods. For
CDFW purposes, cameras were strategically positioned atgmintewaterin the attempt to
captureevery individual that cami drink oncamera. The photos were then usedhteck for
signs of diseas assure correct collar fitalculatdamb:eweandram:eweratios(Dekelaita and
Epps 2017)and identify individuals with either ear tags or naturahhmoarkings. In order to do
the latter, it was important to take-ajpse, hgh-resolution, hea@n photos ofndividuals

(Figure 4).CDFW is working with Dr. John Wehausen in developing and testing a method for
identifying bighornwith unique repetitivelyrecognizabledentifying markson their horns and

to usethem as markenhdividuals for a markresight analysi§2017 Desert Bighorn Council
presentation Lighting, camea angles, and crowding of bighcairound water sourcesten

make a markesightanalysisdifficult. The methods involved in this process are still being
finalized; thereforewe report only minimum counts hedthough photo analyseseretime-
intensive camerasuccessfully determinagse ofa water sourcgyopulation compositiorand
general health of thenimals.Daniella Dekelaita (Oregon State Universigyplso currently
developing an alternate method for estimating population sizes in the South Bristols, and
multiple other ranges in the Mojave, based on camera workostticted in 2012016 with
assistance and fundifigpm CDFW.

B. Resultsand Discussion

1. Capture Data

Between November 2013 and November 2016, CDFW condtiuteeldesert bighorrcapturs

in collaboration with the NPS, the BLM, and Oregon State Univefsityther capture was

planned for the fall of 2016 bmtascancelleddue tocontract delas: The three captures resulted
Pagel0of 40
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in 176 desert bighorrcollaredacross 13nountain rangeéTable 1) The captures primarily
focused on ewes, 146 ewes were collared across 12 ranges, because they are the primary drivers
of population dynamics. However, in affort to better understand ram movemeand address
broader connectivity questionse collared 30 rams across 8 range® e
for

Movement O

collars.

section

bel

ow

some

the fANot abl

addi

Table 1: Desert bighorn sheep captured in the s@atsten deserts of California
during20132016. All individuals were collared with GPS and VHF collars and wer
marked with one or two colored ear tags. In addition, nasal swabs and blood serul
samples were collected for disease testing.

2013 2014 2015
Range Ewe| Ram| Ewe| Ram| Ewe| Ram| Total
Black Mtn./ Greenwater| --- | --- 2 2
North Bristol 6 9 4 19
South Bristol 13 | --- 3 4 4 3 27
Cady — | = | 10 | - | - | - 10
Clipper 4 8 3 15
Granite 4 1 5
Hackbery/Wood 5 1 1 7 1 15
Marble 15 | - 3 6 5 3 32
Old Dad/Kelso/Marl 19 | - | - | - 4 3 26
Newberry/Rodman/Ord | --- | --- 4 4
Orocopia - | - | 10 | - | - | --- 10
Old Woman 1 1
South Soda 4 6 10
Total 70| 2 | 33| 11 | 43 | 17 | 176

ti

As described above, various types of data are collected both during captures aagipost

Given the outbreak of pneumoniatire desert bighorn populations, a fefithecritical sample

onal

collected during captures welier disease t&ing.Although we testdfor a variety of pathogens,
M. ovi. was the main bactern we were looking for during those captures. It has been associated
with countless otherespiratory diseasautbreaksas well agnajor dieoffs in bighorn

populations throghout the western states (WAFWA Wild Sheep Working Grate)used two
different tests foexposure toM. ovi. polymerase chain reaction (PCR) and enzimed

immunosorbent assay (ELISA)he PCR test is performed on nasal swabs or tissues from the
respratory tract and detecid. ovi. DNA. If DNA is detected, multiocus sequence typing
(MLST) can be used to determine specific sttges (Cassirer et al. 201The ELUSA test

Pagellof 40
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screens for antibodies aadoositive result indicates expostwéM. ovi. The percentage of
bighorn that tested positive f. ovivia PCR and ELISAraried between herds agdars

(Table 2).0f the 13 ranges sampled, the Black Mountain and Greenwater ranges in southern

Death Valley National park and the Newberry, Ord and Rodiaages soutieast of Barstow,

Ca were the only ranges to test negative. However, it is important to note that there were only 2

ewes and 4 ewesampledrespectivelyin 2014 and further samples are needed to confirm
whether those herds have been exposewbD

Table 2: The percent of desbighorncapturedthat tested positive for Mycoplasma ovipneumoniae

(M. ovi.)in the Mojave Desert in the years 2013, 2014, and 2Babple sizes are in parenthesis

and vary depending on if samples were viable upstmt The PCR assay screens for M. ovi. DNA
positive

and if

suggest s

an

and if considered positive suggests prior exposure to the pathogen.

flactiveo

2013 2014 2015
Range PCR ELISA PCR BISA PCR ELISA
Black Mtn./ Greenwater 0%(2) 0%(2)
North Bristol 17%(6) 33%(6) 8%(12) | 8%(12)
South Bristol 100%(13) | 92%(13) | 14%(7) | 83%(6) | 14%(7) | 86%(7)
Cady 30%(10) | 70%(10)
Clipper 100%(4) | 100%(4) 17%(12) | 75%(12)
Granite 40%(5) 40%(5)
Hackberry/Wood 60%(5) 50%(6) 0%(1) 0%(1) | 25%(8) | 25%(8)
Marble 57%(14) | 100%(15) | 11%(9) | 78%(9) | 38%(8) | 75%(8)
Newberry/Rodman/Ord 0%(4) 0%(3)
Old Dad/Kelso/Marl 58%(19) | 68%(19) 0%(7) | 43%(7)
Orocopia 30%(10) | 80%(10)
Old Woman 0%(1) | 100%(1)
South Soda 0%(4) 50%(4) 0%(6) | 50%(6)

In 2014,Daniella Dekelda, and advisor Dr. Clint Epps at Oregon State University, started a

i nfection

doctoral project focused on the various impacts of a disease outbreak on bighorn populations in
the Mojave regionMore specifically, she is focused on adultvival, cause specific natity,
lamb survival recruitment, and intraand inter population movement

publications will follow.

Dekel
research concluded field work in the fall of 2016; data analysis is currently underway and
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2. Demographic Datiy Range

The fdlowing section summarizethedata collecte@dnd results obtained each mountain range

or regionof the studyDatawerecollected annually (core index populations), biennially

(remaining huntones or populations of intergsar at least once duringé reporting period

(Figure 5).During 2015 and 2016 CDFW conducted ground surveys in the Marble, White, South
Bristol, and Old Woman Mountains. Ground surveys were designed to sample ewe groups, with
survey routes tending to follow ridgelines from whibk tost ewe habitat could be seen. The
number of rams recorded during ground surveys were likely aregeesentations because rams
tend to range over larger areas not included in the ssirSeyualsegregatiomnn habitat use

coupled with the fact that one ewesvere marked during capturearewhy markresight

population estimates were calculated only for ewes. Monitoring fdarsewes because they

drive population dynamic#ll lamb to ewe ratios are calculated using adult ewe counts

(yearling ewes & not included).
September 2015 marked the first CDF'
helicopter surveys of desert bighorn in
five yearsA pilot from Air Shasta Rotor
and Wing flew the surveys with three
CDFW personneln 2015, helicopter
surveys were conducted in the Clark,
Mesquite Kingston, Cady, Old Dad,
South Bristol, Clipper, Orocopia,
Marble, and Sheep Hole ranges. In
2016, helicopter surveys were
conducted in the Clark, Mesquite,
Kingston, North Bristol, Old Dad,
Newberry, Rodman, Ord, Sheep Hole,
and Chuckwalla ranges.

Legend:

. Annual Surveys
- Biennial Surveys
D Rotational Surveys

Las Vegas @

Kingston
Mesquite

0
and Kelso

N. Bristol
Newberry/

SurveyResults by Range ¢
White Mountans

The White Mountaisarethe et
northernmosand highestlevation

rangewith desert bighorn sheep in WD ~cniausis
California(Figure 5).The White B e

5
[~ s 1 Miles Sources: Esri, USGS, NDAA
Mountains aredcated on the eastern

Slde_ oftheHighway & With elevatiors between October 2015 and November 2016. Colors
rangng from 4,000 to over 14,000 fée delineate which ranges CDFW plans to survey annue

above sea levethis range runs north to - green), biennially (blue), or rotationally (yellow).
southmostly just west ofthe

—-,  Sheep.Hole

Iron

Figure 5. Deserbighorn sheep ranges surveyed
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CaliforniaNevadaborder with thenorthernmossection crossing into Nevadaor this report,

datar eported as bei ng doverstme pdriMdtofithe eangMfoodShee@ i n
Mountain in the south tMontgomeryPeak in the North. InformationférSi | vero Ganyon
translocated lovelevationsubpopulatiorsouth of Sheep Mountais reported separateliy

2015 CDFW counted total of217bighornin thes wo regions. h 2016 the count was much

lower at138individuals (Table 8 Due to a lack of collared animals in this population it was not
possible to calculatmarkresightpopulation estimate

Bighorn sheep in thé&/hite Mountains have a history mdspiratory disease outbreatsth the
most recentlocumenteapisoddan 2008.As of this reporting periodhts herdhas not tested
positive for the samBl. ovi strain associated with the respiratory disease epizootic currently
ongong in the central Mjave Desert. ldwever,a ram that was legally harvested in August of
2016 tested positive for thé. ovi strain currently found in neighboring ranges in Nevada.
Additionally, both ewes and lambs were reported to be coughing &eaddetin the Silver
Canym subpopulatiomluring the summer of 2016DFW hasworkedwith the U.S. Forest
Service to complete the necessary compliance to coftuct helicopter captures in the White
Mountain WildernessAnnualmonitoting of this population, includingfforts todetect anyigns
of disease and possible éiffs, will continue

Table 3 Age and sex classificatiaf bighorn observed, minimum cogrdndlamb:eweratios of bighorn
seen duringground surveys in thé/hite Mountaisin thesummes of 2015 and 2016and Silver Canyon
in the summer of 201@here were very few marked animals at the tinteedesurveys; thusno mark
resight estimates wegalculated.

Year AditEwes Yrlg Ewes AdlitRams YrlgRams Lambs Unclassified Minimum Count Lamb:Ewe Ratio

White Mountain 2015 65 4 78 4 46 20 217 0.72
White Mountain 2016 40 3 13 2 26 22 106 0.65
Silver Canyon 2016 16 2 0 1 13 = 32 0.81

Clark Mountain Kingstonand Mesquite Range

The Clark Mountain,Kingston and Mesquite Ranges avedtedn northeastern San Bernardino
Countynearthe Nevada border (Figure Bjelicopter surveys were conductedhese ranges
thefall of 2015 and 2016. This large aneariesin elevationfrom the high summits of Clark
Mountainandthe KingstonRarge, exceeding/,000 feet, to swounding lower desert terrain at
3,500 feet.

Thoseranges const of vast and complex terraifiwo daysof flying was not enough to coval

suitable bighorn habitaTherefore as wi t h most hel it¢ aeptivate sur ve:
and confidence intervals (Gf) Table 4are only for the aredflown and are nofor the entirety

of the range. In October 2016, weunted>100individual sheemuring the2 days ofsurveg,

howeverthe lownumber of lambs spotted (Tallg particularly on Clark Mountajrsuggests
thepossiblepresencef diseaseThis is of conceriVe will continue to monitor thee

populationsand attempt to capture somesert bighorror disease testing
Pagel4 of 40
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Table 4 Age and sex classification of bigimoobserved, minimum counts, and lamb:ewe ratios of bighorn
seen during 2015 and 2016 helicopter surveys in Clark Mountain, KingatbMesquite RangeThe
simultaneous double count method was used to calculate popidatiorats with95%confidence
intervals(Cl) for the areas surveyed

2015 Kingstoh 24 38: 100 52 38-61
2016 Kingston 31 - 17 2 3 2 55 10:100 76 55-116
2015 Clark 1 - 2 1 - - 4 - - -

2016 Clark 29 2 13 1 1 4 50 3:100 83 50-148

Cady Mountains

The Cady Mountainare located in the central Mojave Desert, approximately 30 miles east of
Barstow (Figure 5). The range is boeddby Interstate Highways 15 and 40 to the north and
south, respectivgl and Crucero and Zzyzx Roads in the east. The Cady Mountains were
surveyed by helicopter in Septem€&15.The minimum population count was 67 individuals
and asimultaneous double count providadestimate of 130 bighorn shedqutwith a wide
95%corfidence interval of 6223 (Table % Because¢he Cady Mountains stretch owefairly

vast areavith varying habitat stability, the helicopter survey wamt able to coveall potential
habitat once againthe population estimate is only applicabldte area surveyed.

Table 5 Age and sex classification of bighorn observathimum count, and larrio-ewe ratioof
bighorn seen during th2015 CadyMountains helicopter surveyhe simultaneous double count method
was used to calculate@opulation esmatewith 95%confidence intervaIeCI) for the area surveyed

Adit ueel g Rusg Adt Ramel g Ram

26: 100 130 67-223

Newberryand Ord Mountains

The Newberryand Ord Mountains are locatedtire central Mojave Desert and are
approximately 20 miles stheastof Barstow (Figure 5). Historically, this has begrelatively
small and gnetically isolated populatiom R003 it wasestimated that only 250 bighorn
occupied ths complexof mountaingEpps et al. 2003 ndin 1974this range was documented
as not having any bighofiveaver 197h However, in thgast ten yearseports have
documented steady increase in bighorn sign and markedly higher water use in the summer
months After a volunteer with the Society for the Conservation of Bighorn Sheep (SCBS)
reporedseeing ovefifty bighorn utilizing the Newberry Drinker early in the summef 2016 a
trail cameravas placed therandconfirmedthis high usagelhe results were overwhelming,
with tens of thousands photosdocumentinghumerous bighorn. The large number of bighorn
in the photos made itpracticalto determinecounts or composition from the pictuyésit the
data wereenough to confirm the need to fly a helicopter survey.
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Table 6 Age and sex classification of bighorn observed, minimum counts&ambdeweratios of bighorn
seen duringlie 2016 Newberry an@rd Mountainhelicopter survey The simultaneous double cdun
method was used to calculgiepulation estimatwith 95%confidence interval€Cl) for the area
surveyed

m

Newberry 41 80: 100 107 99-135
Ord 23 2 35 4 16 80 70:100 82 79-95
Total 64 6 45 11 49 175 77:100 189 174-239

In October2016 CDFWecounted 175 individuals from day andh half ofhelicoptersurveysthat
covereda large swath of suitable habitat ihtaree rangegTable §. Rodman Mountairis
located soutteast of Newberry and Ord mountains avas the only polygon flown where
bighorn werenot seen. The small sampé&three collargleployedn 2014 have showthat there
is movement between the Newry and Ord MountaindutRodmanMountainappears to be
usedonly as intermittent winter habitat aad a connectivity corridor between tdewberry and
Ord Mountains andhe Bulion Mountains (see the Movement Dataction for more details).

Old Dad Peak and Kelso Mountains

The Old Dad Peak arifelso Mountains complex is locatad ¢entral San Bernardino County
approximately midvay between the cities of Barstow and Lasa&d\Nevada (Figure 5). Since
t he e ar OlgDald Peakihdkelso Mountairhavesupporteda healthy and productive
population of bighorn shedmm which more than 200 individuals were transplanted to other
mountain rangethroughouthe Mojave Desert.

The first bighorn sheep documented to have died fvbraviin the Mojave Desert were found

near Old Dad Peak in the spring of 2013. This is the only range where CDFW documented an
all-ageclass dieoff. Preliminaryanalyses of camera ddig John Wehasen estimated that there

were 137 ewes in the Old Dad Peak area during the summer of 2012 but only 57 ewes during the
summer of 2014 (Desert Bighorn Council 20fpiesentation Helicopter surveyflown during

the fall of 2015 and 2016 counted 15 and 22gwespectively. There was a sufficient number of
collared animals at the time of the surveys thatkresight(Chapman estimator) was used to
calculate ewestimats with confidence intervals (Tablg. Additionally, the lomlamb:ewe

ratios andack ofyearlings suggest that this population is siavilyaffeded by respiratory

disease. We will continu® monitor this population closely.

Table 7 Age and sex classification of bighorn observed, minimum counté&ambdeweratios of bighorn
seen dumg the2015 and 2016 Old Dad Peak and Kelso Mountains helicopter surMarkresight was
used to calculateweestimate with confidence intervaleCI) for the ares surveyed

2015 33 100 15 24-80
2016 22 - 1 6 - 29 5:100 15 5 62 31-93
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Marble Mountains

The Marble Mountains are located in the setghtral Mojae Desert (Figure 5Xhis range lies
immediatelysouth of Interstatd0 and the Mojave National Preserve, north of Route 66easid
of Kelbaker RoadAnnual ground countsonductedn May and June of 2015 and 2016
consistently produced minimum countsoeer 100 animaléTable §. One objectivef thase
surveys waso monitor changes in tHamb:eweratio in late spring. May and June were an ideal
time to conduct these countschese it was hot enough fleighorn to be concentrated near
water, yet femalestill maintained the larger group s&seen in spring.hiis range was of
particular interest because of the leilegn data set that has bedsvelopedy CDFW and its
collaboratorsAdditionally, respiratory disease was documented in this range in 20d 3,
following the disease outbreakhigh rate of lamb mortality has led to low recruitment

Table 8 Age and sex classification of bighorn observed, minimum counts&ambdeweratios of bighorn

seen during the015 and 2016 Marble Mountain helicoptarcaground surveysdMark-resight
(Chapmanés esti mat or estimasssvithconfelehcetintervad§@l)lfar thd asedse e we
surveyed

May 20th 2015 Ground 72 1 139 63 100 108 | 75-141
June 11th 2015| Ground 82 3 17 1 41 - 144 50:100 118 | 82-155
Sept 26th 2015 | Helicopter 45 3 23 1 8 5 85 18:100 133 | 70-196
May 12th 2016 Ground 60 2 24 0 26 - 112 43:100 159 | 67-251
June 14th 2016 | Ground 73 2 35 0 42 1 153 58:100 98 73-123

During thehelicopter survey in September of 2085 bighorn sheep were spotted.afburvey
showeda notably lowerlamb:eweratio in early fall compared to early sumng&able 8) This
differencemay beindicative of high

lamb mortality as a result of 250
persistent disease in the Marble
Mountains With this range, and 200
others affectetty disease, one of the
mainconcerns is that continually low
lamb survivawill ultimatelylead to

150 7
m = Population Estimate
adeclining trend in population size = = [} = Minimam Count
because adult mortality will exceed
recruitmentThefive surveys "
producedmarkresight estimates

4]

(Chapman estimator) of the ewe Mayaon Junelath sepaah Moyt une tath
population in the Mrble Mountains Date
ranging from 98 to 159 (Table, 8

Figure 6).

# of Adult Ewes

Figure 6 Marble Mountains ewe population estimates vit
two ground couats and one helicopter survés) in 2015
and two ground counts in 2016.
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Clipper Mountains

The Clipper Mountains are located in the secghtral Mojave Desert (Figure 5), due east of the
Marble Mountains. Although there has been some ram movement documented bletéseen
two ranges, no ewes have been documented mbweitrgeen the two ranges and consequently
these are consideredlieseparate population&.helicopter survey of thel(per Mountains

was conducted in SeptemI#515.Thesimultaneous double count eséited 125lesert bighorn
but with a very wde 95%confidence interval (Table)9

Table 9 Age and sex classification of bighorn observed, minimum count, anetdeemie ratio of
bighorn seen during th2015 Clipper Mountains helicopter surv@ne simukineous double count
method was used to calculat@apulation estimateith 95%confidence interval&Cl) for the area
surveyed

_

48 20: 100 125 48-308

South Bristol Mountains

The South Bristol Mountains are located just wedtelbaker Road anthe Marble Mountains
and areseparatedrom the North Bristol Mountains by Intgate 40. The current SouBnistol
populationstems from a naturablonizationin the 1990s. Duringhe early 1990s John
Wehausen documented three radiodlared ewes moving between the Marble and Sid@r
Mountains, and by the late 1990s, there was an established and growing population (Epps et al.
2010). Abellaet al.(2011)estimated the population in 2011 at T80 sheepWhile only eight
bighorn sheep were spotted in a 2015 helicopter survéye@auth Bristol Mountaing,ground
surveyin January of 206 counted 54 individual@able 10. While this range is substantially
more difficult to surveyn the groundhan its eastern neighhohe Marble Mountainghe
ground surveys have provided fidenformation.However, due to the fact that we used
telemetry to help us locate collared animals while surveying, we are not ableutate a mark
resight estimatéNe plan to test the use of automated camglaaed at water in summgar
populationestimatesn this range

Table 10 Age and sex classification of bighorn observed, minimum counts, anddaaale ratios of
bighorn seen during the 2015 helicopter survey and the 2016 ground survey. The * denotes that a
lamb:eweratio was not includedbr the 2016 ground survey because it was conducted during lambing
season.

2015 14: 100

2016 36 - 13 - 3 2 54 *
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North Bristol Mountains

The North Bristol Mountains are locatadcentral San Bernardino County (Figure mrth of
Interstated40 (I-40), east of the Cady Mountains, and wafsthe Mojave National Preserverior

to the construction of-15, there wagresumablycontinuoushabitatfrom the North Bristol
Mountains tahe South Bristoldyut the North Bristol Mountains are also closely connected with
the Cady and Granite Mowihs. The North and South Bristol Mountains were both classified
ashaving onlytransientighorn presenn 1974(Weaver 197h In 1992 bighorn sheep from Old
Dad Peak were translocatexdthe NorthBristol Mountains. Attempts to sample this population
in the early 20008sing fecal DNAoundonly evidence of ramsand the population was

classified as extirpated faset al.2003. However, in recent years evidence of a population has
emergedand it is now a kegonnector between populations north-dDlincludingthe Cady,

Old Dad/Kelso, and Granite Mountairigsiming a network of populations thabw interacs

with populations south 0f40 (see Movement Datsection below). IfDctober2016 we

conducted a helicopter survef/part ofthe North BristoIMountains;the simultaneous auble

count yielded an estimate of 73 bighdonthe area surveyg@able 1).

Table 1: Age and sex classification of bighorn observed, minimum count, anet¢tegnte ratio of
bighorn seen during th2016 North Bristol hetiopter surveyThe simultaneous double count method was
used to calculate population estimatith 95%confidence interval&Cl) for the area surveyed

2 1 8 2

30 15 58 27:100 73 60-98

Old Woman Mountains

The Old Woman Mountains are located in the southern Mojave OEsggute 5) Compared

with the surrounding mountains, they are higher elevation, havesudezewatersourcesand

are considered to have some of the best forage resources in the southern Moja\@dbesert
Wehausenpersonal communicatignAnalyses conductedytEpps et al (2004) found that this

range should hee a low extinction probability;dwever, it also has a long history of cattle

grazing and has experienced multiple recorded disease episodes. Currently it appears that this
population may be struggling tongest and hasot shown evidence of reachiig population
potential since intensive research began there in 1985. Great concern for this population emerged
in 2013 when the helicopter capture crew arthgerved single bighorn sheep, a mature ram
(captued and collared at that time)

A ground survey enducted in April 2016 othe west side of the [d Woman Mountains counted
17 bighorn (Table 1)2and found little to ndvighornsign at the water sources that have
previously had heawyighornuse Additionally, seveal of the springs that wekasown to have
perennial water were dry. This suggdkis range may be suffering frorecent drought years
andthe bighorn may have shifted their habitat use pat@srasresultThis is a popution of
great conern, and we aractively working to develop reliable demographic data.
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Table 2: Age and sex classification of bighorn observed, minimum count, anet¢tegnte ratio of
bighorn seen during th2016 Old Woman Mountains ground survey

April 2016 3 1 0 17 67 lOO

During our scoutig efforts we identified two reliable water souces in the Old Woman
Mountainsand placedan automated trail camera at each one duhegsummenf 2016 Only

one of these sources proved toutized bybighorn Picturesfrom the trailcamera showed a
minimum count of28 bighorn sheefTable 13. Lamb:eweratios were determined by dividing

the sum of each ewe sighting instance, by the sum of each lamb sighting instance when ewes
were also identified in the groupm addition to the camera increasing theimum count for

this range the photos also revealed thamwost of the lambs appeared to bénfected with
cortagious ecthyman May, but by the end of the summg#rere was no sign of the disease

Table B: Age and sex classification of bighorn obsenmihimum counts, and lantb-ewe ratios of
bighorn observed at a water source during shbenmerof 2016. Observations were made from photos
taken by a remote camera installed at Surveyor Spring in the Old Woman Mountains.

Dates Adlt Ewes Yrlg Ewes Adlt Rams Yrlg Rams Lambs Min Count

'May 14-18 13 0 1 1 6 17 42:100
"August 17-26 7 1 4 1 8 21 85:100
Aug 26- Sept 12 6 1 5 1 4 17 64:100
Total Min Count 13 1 5 1 8 28 64:100

Iron Mountains

The Iron Mountais are located in the southern Mojave Desert (Figure 5), north of Highway 62,
south of the Old Woman Mountains, and east of the Sheep Hole Mousntaingere classified

asa transienpopulationin 1974(Weaver 1975 In the summer of 2016 we conductectatding

trip in this range to check for occupancy and sign. Although tlhasenot a large quantityf

sign it was clear there were bighorn in this range. In an effdsetter understanithe population
size we placed remotecamera near a large tenganatural rock basin that fills with water

during rain events

Table 4: Age and sex classification of bighorn observed, minimum count, anet¢egnie ratio of
bighorn recorded a& tenaja in the Iron Mountairis 2016. Observations were made from pisaiaken
by a remote camera. The minimum count is based stoiotipaximum counts from each age and sex
class group

Adlt Ewes leg Ewes| Adit Rams YrIg Rams Lamb: Ewe Ratid

74:100
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The camera location diabt offer a close up view of animals coming to wékegure 7);

therefore, theninimum count is based stricthh maximum counts &m each age/sex group for

a total of 17 individuals (Table 14). Themb:eweratio of 74:100was calculated using the same
methods as at Surveyor Smgiin the Old Woman Mountains. During the fall of 2016, it was our
intention to fly hie Iron Mountains during our helicopter surveys, but that flight did not occur.

Figure 7: A remoteamera captures a group of desert bighorn sheep coming into drink at a natural rock
pool, tenaja, in the Iron Mountains. Summer 2016.

Sheep Hole Mountas

The Sheep Hole Mountaimse located in the southern Mojave Deserth of Highway 62 and
Joshua Tree National Park and east of Twamyg Palms (Figure 5T.his range wasurveyed by
helicopter in the fall of 2015 and 2016. Simultaneous double coesulted inalow population
estimatdn this range each yeéfable 15. In 2016, a brief survey of the adjacent Calumet
Mountains did not find any sheep, and showed little sign.

Table B: Age and sex classification of bighorn observed, minimum canmddambto-ewe ratios of
bighorn seen during th2015 and 2016 Sheep Hole Mountain helicopter survéyes simultaneous
double count method was used to calcufaipulation estimagewith 95%confidence intervaléCl) for
the are® surveyed
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